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Legal Notice 

This report was prepared as a result of work sponsored by the California Energy Commission 
(Commission). It does not necessarily represent the views of the Commission, its employees, or 
the State of California. The Commission, the State of California, its employees, contractors, and 
subcontractors make no warranty, express or implied, and assume no legal liability for the 
information in this report; nor does any party represent that the use of this information will not 
infringe upon privately owned rights. This report has not been approved or disapproved by the 
Commission nor has the Commission passed upon the accuracy or adequacy of this information 
in this report. 
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Preface 

The Public Interest Energy Research (PIER) Program supports public interest energy research 
and development that will help improve the quality of life in California by bringing 
environmentally safe, affordable, and reliable energy services and products to the marketplace. 

The PIER Program, managed by the California Energy Commission (Commission), annually 
awards up to $62 million through the Year 2001 to conduct the most promising public interest 
energy research by partnering with Research, Development, and Demonstration (RD&D) 
organizations, including individuals, businesses, utilities, and public or private research 
institutions. 

PIER funding efforts are focused on the following six RD&D program areas: 

•  Buildings End-Use Energy Efficiency 

•  Industrial/Agricultural/Water End-Use Energy Efficiency 

•  Renewable Energy 

•  Environmentally-Preferred Advanced Generation 

•  Energy-Related Environmental Research 

•  Strategic Energy Research. 

In 1998, the Commission awarded approximately $17 million to 39 separate transition RD&D 
projects covering the five PIER subject areas. These projects were selected to preserve the 
benefits of the most promising ongoing public interest RD&D efforts conducted by investor-
owned utilities prior to the onset of electricity restructuring. 

What follows is the final report for the Dynamic Circuit Thermal Line Ratings project, one of six 
projects conducted by San Diego Gas and Electric. This project contributes to the Strategic 
Energy Research program. 

For more information on the PIER Program, please visit the Commission's Web site at: 
http://www.energy.ca.gov/research/index.html or contact the Commission's Publications 
Unit at 916-654-5200. 
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Executive Summary 

Historically, transmission lines have had static or fixed ratings that limit the amount of power 
that can be transferred on the electric grid. This method provides a constant (static) rating that 
can be used by the system operator to ensure that transmission line conductors do not sag 
below specified limits and come in contact with trees or other objects thus affecting reliability 
and safety. 

However, transmission line ratings change constantly. At times, there is significantly more 
transmission line capacity than the standard static transmission line rating. As system load 
grows and the siting of new transmission lines becomes more difficult, increasing the capacity 
of existing transmission lines through new technology is critical. 

In this project San Diego Gas & Electric (SDG&E) investigated the feasibility of providing real-
time transmission line ratings to system operators by monitoring actual conductor tension and 
environmental factors. Unlike previous systems that stored data for collection and later 
analysis, the monitoring system provided real-time rating directly to the system operator. 

Objectives  

The primary objective of this project was to evaluate and document the feasibility and reliability 
of implementing real-time transmission line ratings. 

To achieve this the following specific objectives were developed: 

•  Develop a plan for testing real-time line ratings. 

•  Procure or modify equipment to test real-time line ratings. 

•  Develop an interface with SDG&E’s Energy Management System (EMS). 

•  Modify and develop interface software. 

•  Install equipment, including communication equipment, on a transmission line 

•  Create operator displays of real-time line ratings. 

•  Operate the CAT monitoring system and collect data to evaluate system efficiency. 

Outcomes 

Project successfully demonstrated the feasibility and reliability of providing real-time 
transmission line ratings to the system operator. Real-time line ratings for the transmission lines 
monitored in this study had 40 to 80 percent more power transfer capacity than the static 
transmission line ratings presently applied.  

•  SDG&E developed a plan for testing real-time line. 

•  SDG&E modified the existing CAT monitor for use on a real-time basis and procured a 
CATmaster station to act as a receiver and remote terminal unit (RTU) for interface with 
the EMS. 

•  SDG&E developed and tested an interface with the EMS. 

•  SDG&E developed software to interface calculated results for display on the EMS. 

•  SDG&E installed the real-time line rating system. 
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•  SDG&E developed two operator displays: real-time line rating and transmission line 
rating trends. 

•  The real-time line rating system was operated over a four month period. Data was 
collected during two of those months. 

Benefits to California 

Because real-time line rating systems potentially allow using existing transmission lines to their 
full capability, the need for new transmission lines is reduced. Fewer new lines mean less land 
use and decreased environmental impacts. Additionally, real-time transmission line ratings 
could provide more transmission capacity during periods of high system load decreasing the 
need to use local generating resources. 

This could reduce capital expenditures for new transmission facilities and generating resources, 
while at the same time allowing more efficient operation of the power grid, resulting in lower 
utility rates. The ability to monitor transmission lines in real-time would also improve system 
reliability and safety. 

Commercialization Potential 

Fifteen utilities in the United States have used CAT monitors to implement on-line real-time line 
rating systems. More than 150 CAT monitors have been installed and used off-line for data 
collection and analysis of overhead transmission line ratings. 

Conclusions 

Real-time transmission line ratings can be implemented on transmission lines critical to 
providing power to constrained areas. This could result in significant capital cost savings in 
deferred transmission line projects and improved usage of existing generating resources. 

•  By monitoring the transmission lines that limit transfer capability, it may be possible to 
increase transfer capacity and allow increased transmission line usage. 

•  Increased capacity on congested transmission lines would permit increased power 
transfers and reduced the use of generators. 

•  The real-time transmission line rating system eliminates the possibility of overheated 
transmission lines and sagging conductors coming in contact with trees or vehicles. 

•  Upgrading substation components that may limit transmission line rating would 
improve overall system efficiency. Other limiting factors such as voltage instability or 
transient stability can also limit transmission transfer capacity more than the thermal 
limitations identified in this project. 

Recommendations 

•  More real-time line rating systems need to be installed and more data collected to more 
accurately determine the effectiveness of real-time line ratings.  

•  Further effort to interfacing with the California Independent System Operator (CAISO) 
to provide real-time transmission line ratings to operator displays. 
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•  Upgrade the CAT unit to the newer net radiation temperature sensor and load cells. This 
would provide more accurate calculations of line ratings at low loading conditions.  

•  Additional transmission lines should be interfaced with transmission constraints to limit 
generation dispatch in California. 
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Abstract 

Transmission of electric power has been traditionally limited by the thermal constraints of 
transmission lines defined in terms of fixed static rating as well as vertical clearance limitations. 
New technologies now allow monitoring of transmission line characteristics and environmental 
conditions, enabling calculation of real-time line ratings. Transmission line ratings continually 
change depending on the cooling effect of the wind, on-line-current, and solar-incident heat. By 
monitoring these conditions and calculating vertical clearance or sag to ground, it is possible to 
develop real-time line ratings and use the full capacity of existing transmission lines. 

In this project, San Diego Gas and Electric (SDG&E) investigated the feasibility of providing 
real-time transmission line ratings to system operators by monitoring the conductor tension and 
environmental factors. SDG&E designed and installed a real-time dynamic transmission-line-
rating system on one key 230 kV transmission line that limits import capability into the SDG&E 
system. The method monitors overhead conductor tension, ambient temperature, and net solar 
radiation temperature rise. Data is passed to a ground station via spread spectrum radio and 
sent to SDG&E’s energy management system (EMS). Calculations are performed to determine 
line condition such as sag and dynamic thermal to constraint, as well as operating warnings 
(time to thermal overload under system conditions) by the EMS, with results displayed on 
operator screens. Signals are given to operators, who can reduce load or generation to keep the 
line within thermal and vertical clearance constraints. 

Potential benefits of real-time transmission line ratings include: improved system reliability and 
safety, reduced capital expenditures, increased efficiency of generation resources, and lower 
rates for utility customers. 
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1.0 Introduction 

1.1 Background 

Historically, transmission lines have had static or fixed ratings that limit the amount of power 
that can be transferred on the electric grid. These ratings are based on assumptions regarding 
weather and conductor conditions. Worst-case expected conditions, such as highest expected 
ambient temperature, low wind speed, and low conductor emissivity, are usually used. 

This method provides a constant (static) rating that can be used by the system operator to 
ensure that transmission line conductors do not sag below specified limits and come in contact 
with trees or other objects thus affecting reliability and safety. 

In reality, transmission line ratings are highly dependent on the amount of cooling by wind and 
heating by the sun. They change constantly with the weather. At times, there is significantly 
more transmission line capacity than the standard static transmission line rating. 

As system load grows and the siting of new transmission lines becomes more difficult, 
increasing existing transmission line capacity through new technology is critical. . .  

San Diego Gas & Electric (SDG&E) investigated the feasibility of providing real-time 
transmission line ratings to system operators through monitoring conductor tension and 
environmental factors. Previous methods of calculating dynamic transmission line ratings used 
sensors to monitor conductor temperature or an off-line system that used only weather data. 

In this project, monitoring of actual conductor tension provided a direct measurement of the 
conductor tension variable that can be used to calculate conductor sag. The project was also 
unique because it provided a calculated real-time rating directly to the system operator, unlike 
previous systems that stored data for collection and later analysis. 

1.2 Project Objectives 

The primary objective of this project was to evaluate and document the feasibility and reliability 
of implementing real-time transmission line ratings. 

To achieve this, the following specific objectives were devised: 

•  Develop a plan for testing real-time line ratings. 

•  Procure equipment to test real-time line ratings. 

•  Develop an interface with SDG&E’s Energy Management System (EMS). 

•  Modify and develop interface software. 

•  Install equipment, including communication equipment, on a transmission line 

•  Create operator displays of real-time line ratings. 

•  Operate system and collect data to evaluate feasibility of real-time line ratings. 

1.3 Report Organization 

The body of this report consists of two sections, Project Approach and Conclusions and 
Recommendations 
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The report contains two appendices: 

Appendix A, Collected Data, contains additional graphs of collected data. All data collected 
indicated similar benefits for increasing transmission line capability. 

Appendix B, Theory of Cable Tension Monitors and Related Technical Papers, contains a sampling of 
technical presentations and workshop materials on such subjects as real-time rating, thermal 
capabilities of transmission lines, and tension monitoring. 
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2.0 Project Approach 

2.1 Plan Development 

SDG&E examined various technologies for developing dynamic transmission line ratings. These 
included laser reflective measurements of conductor sag, photographic measurements of sag, 
power donuts, Global Positioning System (GPS) and weather monitoring.  

These systems were not developed for real-time interface with an EMS. They only measure the 
conductor tension, weather, or sag at one point. This does not necessarily represent conditions, 
which could limit the line rating further down the transmission line being studied. They proved 
impractical for interfacing with the EMS to provide real-time line ratings for actual system 
operations.  

SDG&E chose the CAT monitor because it was: 

•  Simplest to install and interface to the EMS for real-time monitoring 

•  Most widely used, proven technology 

•  Least prone to error in the development of real-time transmission line ratings 

•  Only device with algorithms that can accurately calculate a real-time line rating and 
directly translate it into a megavolt ampere (MVA) rating. 

Tension monitoring measured tension over an entire ruling span, thereby giving a more 
accurate representation of conditions over a greater length of the transmission line. Compared 
to the other technology, tension monitor was more easily interfaced with a radio transmitter 
and remote terminal unit ground station to allow data transfer with EMS due to the widespread 
CATS units application in monitoring tension of support structures. 

The next step was to select an appropriate location at which to install the system. A desirable 
location would have a dead-end configuration of the overhead conductor and be in a 
transmission span with sag limitations that limited the overall transmission line rating. 
Installation of the system on transmission lines that actually limit power transfer capability was 
desirable. 

A review of system limitations and possible locations using sag limitations and tower 
accessibility led to the choice of a 230 kV transmission tower located near the spans that limit 
the power transfer capability of the two Talega – San Onofre 230 kV transmission lines. These 
lines limit the non-simultaneous import capability into the SDG&E system. 

2.2 Equipment Configuration 

The real-time line rating system consisted of: 

•  Load Cells for measuring cable tension 

•  Cable Tension (CAT) Monitoring Unit 

•  Radio transmitter 

•  CATmaster station. 

SDG&E already possessed a CAT monitor produced by The Valley Group, Inc. This CAT 
monitor was not equipped for use on a real-time basis, but used a cell phone from which data 
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could be downloaded on demand. We added a radio transmitter to the CAT unit that would 
broadcast real-time data to a base station located in a nearby substation.  

A CATmaster station to act as a receiver and a remote terminal unit (RTU) for interface with the 
EMS was purchased and the CAT unit was modified in June 1998.  

Figure 1 is a diagram of the overall system layout and component interaction. 

 

Figure 1. Real-Time Line Rating System Schematic Diagram 

2.2.1 Load Cell Testing and Calibration 

Prior to shipment of the load cells, The Valley Group Inc. tested and certified cell accuracy to 0.2 
to 0.4 percent. They also calculated the zero set point offset of each load cell. This offset was 
then programmed into the CAT main unit to ensure accurate measurements of conductor 
tension. 

SDG&E placed the load cells on a test bed and, using a tensioning device calibrated for line 
stringing purposes, applied various levels of known tension to the load cells The maximum 
expected error over a 1000 ft. span is 0.2 to 0.3 feet. The length of the critical span for this project 
was 1,200 feet. Accuracy of the load cells and the CAT main unit calculations were verified.  
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To obtain a baseline measurement of the unloaded (no current) condition of the line, the system 
rating calculation was calibrated by taking various readings of tension and the net radiation 
temperature rise over a 90-day period. Several points on the baseline were verified by 
measuring conductor sag at known line loadings. 

2.3 SDG&E’s Energy Management System (EMS) Interface 

The tower-mounted CAT station contained a computer that gathered line tension data, ambient 
temperature, and net radiation rise due to solar radiation on the conductor. The computer 
calculated the amount of sag in the conductor and the corresponding conductor temperature 
and directly translated it into a megavolt ampere (MVA) rating. 

The data was sent via the radio to the CAT master station in the San Mateo substation. The 
ground station then transmitted the data to the EMS in SDG&E’s Mission Valley control center. 

The EMS performed calculations based on the received data and MVA data provided by the its 
System Control and Data Acquisition (SCADA) system. These calculations were displayed on 
an operator screen. Alarms notified the operator when static line rating was achieved and the 
real-time line rating was displayed.  

The time the operator has to take action (time to clearance violation), based on line-loading 
trends and weather conditions, is displayed. In addition, the EMS system provided trending 
charts showing past line rating trends. 

A leased pair telephone line was installed in the San Mateo substation located approximately 
three miles from, and in the direct line of sight, to the CAT transmitter. SDG&E tested the 
interface and coordinated the communication protocol with the EMS to ensure that 
communications operated smoothly and no data errors occurred. 

Data was sent every ten seconds but was polled by the EMS every five minutes. The rating 
calculation algorithm, located in a program in the EMS computer, used the tension data, net 
radiation temperature, and actual line current to calculate the transmission line rating. EMS 
used the SCADA system to obtain the line current through other collected data points. 

2.4 Software Development 

The Valley Group Inc. provided the calculation algorithms to convert measured data into actual 
line ratings. Based on these algorithms, SDG&E developed software to interface the calculated 
results with their Harris software and EMS operator displays.. 

SDG&E developed and tested the software from February through April 1999.  

2.5 Equipment Installation 

Installation took place during December 1998 and January 1999. 

SDG&E installed the CAT monitor on a 230 kV transmission tower (Figure 5). The system was 
positioned so that direct radio communications could be maintained with the ground station. 
The CAT computer and radio were positioned so that cables to the two load cells, installed to 
monitor conductor tension, could reach the dead-end insulators and still be low enough to limit 
interference caused by the high voltage field. 
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The cells monitored the conductor tension in the two bottom phases of two critical transmission 
circuits between the San Onofre Nuclear Generating Station and the Talega substation. These 
circuits limit the non-simultaneous import capability into San Diego. The critical outage that 
causes the overload of these lines is the loss of the Miguel – Imperial Valley 500 kV transmission 
line.  

The real-time monitoring system was placed on a dead-end 230 kV lattice steel tower. The 
system had to be installed on a dead-end structure to allow it to monitor conductor tension in 
the entire ruling span. Actual sag could then be calculated. The limiting span for this 230 kV 
circuit was located on the third span from the dead-end structure. 

Before and after installation, survey measurements of system sag were taken. The load cells 
were mounted on the end of the crossarms (Figure 2). The dead-end insulators were placed on 
the lower phases of each 230 kV circuit structure facing north towards the Talega substation. 
They were connected with shielded cables to the CAT main unit.  

 

Figure 2. Load Cells Used for Measuring Conductor Tension 

The CAT main unit (Figure 3), containing the signal conditioners, main CPU, and the data 
logger, was powered by a solar panel with a backup battery. It communicated data via a spread 
spectrum radio unit to the CATmaster station 
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Figure 3. CAT Main Unit and Radio Transmitter 

The CATmaster unit acted both as a radio receiver and a remote terminal unit for data 
transmission to the EMS. The CATmaster station (Figure 4), located in a control room at the San 
Mateo substation, is approximately two miles from the CAT main unit located on the 230 kV 
tower (Figure 5). 

A directional antenna on top of the control room points at the CAT main unit. A leased pair 
telephone line was connected to the CATmaster unit and transmits data to the EMS. 

Figure 4. CATmaster Station at San Mateo Substation 
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Figure 5. CAT Installation on 230 kV Tower 

 

The CATmaster unit was located within the San Mateo substation (Figure 6). 

 
Figure 6. CATmaster Unit Installed at San Mateo Substation 
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2.6 Operator Displays 

The underlying concept for display creation was to provide simple displays that would be 
familiar to the operators and would not interfere with day-to-day operations. Two operator 
displays were developed. 

Real-Time Line Rating Display 

A single line diagram was modified to display the real-time line rating above the static line 
rating and the amount of time the operator has to take action before a clearance violation 
occurs. ( 

Figure 7). An alarm is triggered if the actual transmission line loading (MVA) is nearing the 
static line rating. 

 

 

Figure 7. Operator Display of Real-Time Line Rating 

Real-Time Transmission Line Rating Trend 

Figure 8 graphically displays the real-time line rating trend. It was developed on the EMS and is 
available to the SDG&E system operator and ultimately to the CAISO control center. This screen 
shows the history of the calculated real-time line rating and the actual MVA. It allows the 
operator to determine the line rating trend and what to expect. It also verifies the transmission 
line rating limitation. 
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Figure 8. Display of Real-Time Transmission Line Rating Trend 

2.7  System Operation and Data Collection 

Real-time transmission line ratings provide more system observability to the system operators. 
Not only do they indicate when more transmission capacity is available, providing the system 
operator with more options, they also warn operators when transmission line ratings may be 
less than previously assumed from static ratings. 

Real-time monitoring systems are located at the critical spans where conductor contact with 
foreign objects is most likely. 

These systems could prevent system-wide outages similar to the ones in August 1997 that 
occurred when a 500 kV transmission line conductor came in contact with trees. The systems 
could provide significant improvement in overall system reliability. 

The principle for developing transmission line ratings using the CAT monitor system was 
simple and straightforward. It was based on the ruling span concept, used in transmission line 
design for more than 70 years. 

All transmission line design relies on this ruling span concept, which has proven to be accurate. 
Actual measurements of sag in every span of a ruling span are within 2.4 inches to 3.6 inches of 
the calculated measurement using the ruling span method. The sag in any span can be 
calculated by the horizontal tension component in the conductor, the weight per foot of the 
conductor, and span length.  

2.8 Evaluation of Data 

System operation and data collection occurred from April through July 1999 and a significant 
amount of data was collected over that period. Data for May and June was not available 
because of work on the radio transmitter. 

Examination of tension data verified previous calculations of expected sag for similar ambient 
conditions. However, the calculated line rating appeared to have large swings. Figure 9 shows 
the calculated rating over a 24-hour period on July 14, 1999. 

Further investigation revealed that these large excursions of the rating occurred due to the light 
(low amperage) line loading on the relatively large (1033 thousand circular mil- (kcmil) 
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Aluminum Conductor, Steel Reinforced (ACSR). Because the line loading was low (less than 20 
percent of the static rating of 1145 amperes), heat from solar radiation determined the degree of 
sag. 

The net solar radiation sensor used a resolution of 0.8 degrees. A newer net solar radiation 
sensor with better resolution at low loading conditions is available, and would result in more 
accurate calculation of the rating and fewer excursions of the rating.  

 

Figure 9. Calculated Line Rating Prior to Thermal Averaging 

An averaging technique was developed that took into account the thermal heat storage 
capability of the conductor being monitored. This allowed accurate calculations of the line 
rating at low line loadings and provided a real-time rating that more realistically modeled the 
latent thermal capacity of the conductor.  

Based on test data from the conductor manufacturer and an examination of thermal time 
constants, we determined that the heat capacity of the 1033 kcmil ACSR conductor was about 30 
minutes.  

The rating calculation was performed every five minutes.  

It was decided to average every six data points on a rolling average basis. Thus the displayed 
line rating provided for the actual heat capacity of the cable and was not significantly impacted 
by small variations in measured heat absorption from solar radiation. Figure 10 displays a 
graph of the data after thermal averaging. 

TL23007 MVA Comparison DTCR Rating vs. Static Rating 
July 14, 1999
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Normal (static) rating was 456 MVA (1145 Amps) based on a maximum conductor operating 
temperature of 90 degrees Centigrade. A long-term emergency rating of 517 MVA (1300 Amps) 
was also used.  

Figure 9 and Figure 10 demonstrate that the dynamic (real-time) rating could be as much as 
1200 MVA (3000 Amps) or 150 percent more than the normal rating. From nine a.m. to five p.m., 
the dynamic rating averaged approximately 800 MVA--a 75 percent increase over the normal 
rating. 

Figure 10. Calculated Transmission Line Real-Time Rating after Thermal Averaging 

 

2.8.1 System Modifications 

This installation required modifications to the calculation and display of the real-time line 
rating data. 

The 230 kV transmission lines on which the system was placed are only heavily loaded during 
contingency scenarios. The CAT monitor measures very small changes in tension at low 
transmission line loadings—less than 30 percent of the static line rating. As a result there are 
large excursions of the calculated line ratings. 

Since the thermal time constant is between 15 and 30 minutes for the conductor used, a 1033 
kcmil ACSR, and an averaging function was added to smooth out the data and displays. 
Calculations and data displayed every five minutes. A rolling window average was calculated 

TL23007 MVA Comparison DTCR Rating vs. Static Rating 
July 14, 1999 
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for every six data points (every 25 minutes). This proved to be a very accurate method of 
displaying the data and reducing the frequency of rapid swings. 

2.9 Project Outcomes 

The project successfully demonstrated the feasibility and reliability of providing real-time 
transmission line ratings to the system operator. Results indicate that for the specific 
transmission lines monitored in this study, real-time line ratings have 40 to 80 percent more 
power transfer capacity than the static transmission line ratings presently applied 

•  After examining a variety of technologies applicable to line ratings, SDG&E developed a 
plan for testing real-time line ratings and chose a location for the tension monitoring 
system. 

•  SDG&E modified existing CAT monitor for use on a real-time basis and procured a 
CATmaster station to act as a receiver and remote terminal unit (RTU) for interface with 
the EMS. 

•  SDG&E developed and tested an interface with the EMS. The communication protocol 
with the EMS was coordinated to ensure effectiveness of communications. 

•  Using algorithms developed by the Valley Group, Inc., SDG&E developed software to 
interface calculated results with SDG&E’s Harris software for display on the EMS. 

•  SDG&E installed the CAT monitor on a 230 kV transmission tower and the CATmaster 
unit in San Mateo substation. 

•  SDG&E developed two operator displays. 

– One displayed the real-time line rating above the static line rating and the amount of 
time the operator has to take action before a clearance violation occurs. 

– The other allowed operator to determine the trend, if necessary, and what to expect; 
and it also verifies the transmission line rating limitation. 

•  The real-time line rating operated successfully from April through July of 1999.since 
mid-June, 1999. Significant amounts of data were collected and evaluated during that 
period.  
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3.0 Conclusions and Recommendations 

3.1 Conclusions 

Based on the limited data collected thus far, it appears that real-time transmission line ratings 
can be implemented on transmission lines critical to providing power to constrained areas. The 
implementation of real-time transmission line ratings could result in significant capital cost 
savings in deferred transmission line projects and improved usage of existing generating 
resources. 

•  The transmission line rating increased during the day and generally followed the system 
load pattern. This was because the coastal wind generally increased from morning to 
afternoon. By monitoring the transmission lines that limit transfer capability, it may be 
possible to increase transfer capacity real-time and allow increased transmission line 
usage. 

•  This increased capacity on congested transmission lines would permit increased power 
transfers and reduced the use of generators required to run because of transmission 
constraints. Using more economic generators would result in a reduced energy system 
price for utility customers. 

•  The real-time transmission line rating system indicates the actual rating when line 
ratings are reduced. It eliminates the possibility of overheated transmission lines and 
sagging conductors coming in contact with trees or vehicles or creating a danger to the 
public. It provides advanced warning to the system operator of potential sag limitations. 

•  As transmission ampacity is increased on the dynamically rated line, other components 
at the substations, such as current transformers, circuit breakers, and jumpers, can often 
limit a transmission line rating. These components can usually be upgraded at low cost 
to achieve maximum rating increases. However, there may be other system limitations, 
such as voltage instability or transient stability that can limit transmission transfer 
capacity more than the thermal limitations identified by this system. 

3.1.1 Economic Benefits 

Real-time transmission line ratings could potential provide the following benefits: 

•  Reduced capital expenditures— By transferring more power when line ratings are 
higher, real-time transmission line ratings can increase usage of existing transmission 
lines and reduce the need for new transmission line facilities. 

•  Increased efficiency of generation resources— By reducing transmission congestion 
constraints, the number of must run generators could be decreased. More economic 
generators could be used to dispatch generation on the system grid. 

•  Lower rates for utility customers— More economic generation dispatch and lower 
capital expenditures could result in lower rates for customers. 

•  Increased transmission system reliability— Real-time transmission line ratings provide 
more information on transmission capacity availability and on possible conditions that 
could cause outages. 
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3.1.2 Benefits to California 

Real-time monitoring systems offer several benefits to California. 

Because real-time line rating systems potentially allow use of existing transmission lines to their 
full capability, the need for new transmission lines would be reduced. A typical 500 kV 
transmission line uses a 200-ft. wide right of way, which correlates to 24 acres per mile. Fewer 
new lines mean less land use and decreased environmental impacts. 

Due to transmission constraints, local generating resources must serve some areas of California 
during periods of high system load. Real-time transmission line ratings could provide more 
transmission capacity during these periods, allowing more efficient generators to serve load 
requirements. 

Real-time transmission line ratings could reduce capital expenditures for new transmission 
facilities and generating resources, while at the same time allowing more efficient operation of 
the power grid. This could result in lower utility rates. 

Real-time transmission line ratings provide more information to the system operators on the 
amount of transmission capacity available. This would allow not only more efficient use of 
transmission facilities but would help prevent system-wide outages, improving system 
reliability and safety.  

3.1.3 Commercialization Potential 

On-line rating systems certainly have commercialization potential. Fifteen utilities in the United 
States have used CAT monitors to implement on-line real-time line rating systems. More than 
150 CAT monitors have been installed and used off-line for data collection and analysis of 
overhead transmission line ratings. 

3.2 Recommendations 

This project represents the first attempt in California to interface a real-time monitoring system 
with an EMS and provide operator displays. Based on the results of this research, SDG&E 
makes the following recommendations: 

•  More real-time line rating systems need to be installed and more data collected to more 
accurately determine the effectiveness of real-time line ratings. Since their effectiveness 
is dependent on the system load shape (time of system peak) and wind and weather 
patterns, further data must be obtained to validate the accuracy of this approach in 
implementing real-time transmission line ratings.  

•  Further effort in interfacing to the California Independent System Operator (CAISO) to 
providing real-time transmission line ratings to operator displays. 

•  Upgrade the CAT unit to the newer net radiation temperature sensor and load cells. This 
would provide more accurate calculations of line ratings at low loading conditions.  

•  Additional transmission lines should be interfaced with transmission constraints to limit 
generation dispatch in California. 
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APPENDIX A 

COLLECTED DATA 

TL 23007   REAL-TIME LINE RATING DATA 
TL 23052  REAL-TIME LINE RATING DATA 
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APPENDIX B 

THEORY OF CABLE TENSION MONITORS AND RELATED TECHNICAL PAPERS 
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